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Development of a Standard Protocol for the Implementation of 
Genomics/Proteomics in Risk Assessment 

Genomics and proteomics have been widely hailed as fundamental technological 
breakthroughs in the evaluation of both biological susceptibility and biological response. 
The toxicological application of this technology has been called ‘toxicogenomics.’ 
Strengths of the methodology are derived from the speed of conducting the multivariate 
tests, the potential linkage of a response to its underlying mechanism(s), and the 
potential correlation of the test results with classic disease/pathological endpoints. The 
technology is clearly very powerful and has important implications for risk assessment. 
However, comparison of the current state of development of toxicogenomics to the other 
technologies used for risk assessment (epidemiology, animal studies, genetox assays, 
etc.) reveals significant gaps that need to be addressed before toxicogenomics can be 
routinely used as a risk assessment tool. 

Hallmarks of standard toxicology assays used for risk assessment include the use 
of well-defined protocols using a standard biological test system (strain of animals, tissue 
culture cell line, bacteria, etc.), guidelines for dose-setting, standard exposure conditions, 
and guidelines on endpoint evaluation. Currently, the implementation of toxicogenomics 
assays lack the following; standards for the duration of exposure for the test animals (e.g. 
1, 2, 4, 13, or 52 weeks); dose-setting guidelines, since mechanism(s) may change with 
dose and the assay endpoints are sensitive to mechanism(s); standardization of the test 
methodology (e.g. gene array structure/methodology, proteomics methodology, etc.; 
discussed below); guidelines for endpoint evaluation (definition of adverse effect and 
correlation of pattern of responses with mechanism/effect); and guidelines for the 
evaluation of the dose response(s) in the assays in risk assessment. Although these gaps 
are large they can, and must, be addressed. 

One of the most significant gaps relates to standard technology for conducting the 
assays. Currently, a variety of commercial assay methods (e.g. ToxChip, ToxBlot, etc.) 
are in competition and the products that are being offered are continually evolving. This 
situation is somewhat analogous to the ‘competing’ uses of different species/strains of 
animals in standard toxicological studies. Moreover, the completion of the Human 
Genome Project will undoubtably spur additional development of assay technology. The 
number of genes that are evaluated, the source and type of the genetic material in the 
arrays, and the relationship of genomics to proteomics technologies are in a state of flux. 
In addition, given the potential for hundreds of thousands of data points arising from a 
single assay, ‘fingerprints’ of toxic effects and mechanisms have not yet been established. 

It could be argued that there may be an advantage in an early establishment of 
guidelines for the collection and interpretation toxicogenomics data for use in risk 
assessment. Of course, as the technology matures, the guidelines will change. 
Consequently, this proposal should be viewed as addressing the need to establish ‘Stage 
I’ guidelines to utilize ‘Stage I toxicogenomics technology’. In conjunction with the 
establishment of the guidelines, test protocols on ‘standard toxicants’ should be 
conducted to evaluate their utility for risk assessment. 
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